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(54) Wireless communications system 

(57) A wireless communication system (10). The 
system comprises transmitter circuitry (BST1) compris- 
ing circuitry for transmitting a plurality of frames to a re- 
ceiver in a first cell (Cell 1 ). Each of the plurality of 
frames comprises a bit group (22), and the bit group 
uniquely distinguishes the first cell from a second cell 



(Cell 2) adjacent the first cell. The transmitter circuitry 
further comprises circuitry (54) for inserting a bit se- 
quence into the bit group. The bit sequence is selected 
from a plurality of bit sequences (S^-S;^ such that suc- 
cessive transmissions by the transmitter circuitry com- 
prise a cycle of successive ones of the plurality of bit 
sequences. 
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Description 

[0001] This application claims the benefit, under 35 
U.S.C. §11 9(e)(1). of U.S. Provisional Application No. 
60/143,574 (TI-29425PS), filed July 13, 1999. and in- 
corporated herein by this reference. 
[0002] The present embodiments relate to wireless 
communications systems and are more particularly, but 
not exclusively, directed to distinguishing actual cell bit 
sequences from likely false cell bit sequences. 
[0003] Wireless communications have become very 
prevalent in business, personal, and other applications, 
and as a result the technology for such communications 
continues to advance in various areas. One such ad- 
vancement includes the use of spread spectrum com- 
munications, including that of code division multiple ac- 
cess ("CDMA"). In such communications, a user station 
(e.g., a hand held cellular phone) communicates with a 
base station, where typically the base station corre- 
sponds to a 'cell.' More particularly. CDMA systems are 
characterized by simultaneous transmission of different 
data signals over a common channel by assigning each 
signal a unique code. This unique code is matched with 
a code of a selected user station within the cell to deter- 
mine the proper recipient of a data signal. 
[0004] CDMA continues to advance along with corre- 
sponding standards that have brought forth a next gen- 
eration wideband CDMA ("WCDMA"). WCDMA In- 
cludes alternative methods of data transfer, one being 
frequency division duplex ("FDD") and another being 
time division duplex ("TDD"). The present embodiments 
have particular benefit in TDD and. thus. It Is further In- 
troduced here. TDD data are transmitted as quadrature 
phase shift keyed ("QPSK") symbols in data packets of 
a predetermined duration or time slot. Within a data 
frame having 15 of these slots, bi-directbnal communi- 
cations are permitted, that is, one or more of the stots 
may correspond to communications from a base station 
to a user station while other slots in the same frame may 
correspond to communications from a user station to a 
base station. 

[0005] Each TDD data packet includes a predeter- 
mined training sequence in the time slot, refen'ed to In 
the art as a midamble, where this training sequence rep- 
resents a known data pattern used for channel estima- 
tion. Specifically, the midamble Includes informatk)nthat 
is unique to a given cell and is selected from a pre-de- 
fined set of 128 different possible bit sequences; thus, 
the unique sequence is assigned to the given cell and 
that information is encoded within the midamble of data 
frames transmitted by stations within the con'esponding 
cell. Conversely, data packets exchanged with respect 
to an adjacent cell have midambles with a different one 
of the bit sequence sets encoded therein and corre- 
sponding to the adjacent cell. Lastly, note that a base 
station In some instances may communbate with differ- 
ent cells (i.e., is 'sectorized'); in this case, then a differ- 
ent and unique midamble Is encoded within the data 



frames communicated with respect to that base station 
for each of the different cells. For the sake of simplicity 
in the remainder of this document, each base statbn Is 
associated only with a single cell and, thus, In this re- 
5 spect, the cell's unkijue midamble also may be viewed 
as unkfue per the corresponding base station. In any 
event, the basic midamble code may be one of two 
lengths, where currently these lengths are described as 
a bng bask: midamble code with 456 bits and a short 

10 basic mkiamble code with 192 bits. While a basic mi- 
damble code consists of the same bit sequence used 
for communications between a base station and all user 
stations in the cell corresponding to that base station, 
each user statbn in the cell is distinguishable from the 

IS others because it is assigned a different time-shifted 
version of the basic midamble code. The assigned shift- 
ing is defined in terms of an offset in the bask: mkiamble 
code, that is, each user station within the cell is assigned 
its own offset that represents the amount of time shift 

20 adjustment for the user station's basb midamble code. 
For example, with a short length midamble code thereby 
having a length of 192 bits, and with eight user stations 
communicating with one base station, the offsets for 
each of the eight user stations may be spaced 24 chips 

2S apart. Thus, the same basic sequence is used for all of 
these user stations except that for each user station It 
is circularly shifted by a different multiple of 24 chips to 
correspond to the offset of the particular user statbn. 
After the circularly-shifted basic sequences are 

30 summed, a cyclic prefix is inserted to form a midamble 
of length 256 chips for a short basic midamble code and 
of length 512 chips for a long basic midamble code. 
[0006] Two related aspects arise in connection with 
midambles, as explained here according to the prior art 

3S and as further addressed later in connection with the 
preferred embodiments. The first aspect is channel es- 
timation and the second aspect is delay profile estima- 
tion ('DPE"). Looking first to channel estimation, in the 
prbr art signal paths are received by a receiver at dif- 

40 ferent times, referred to as different chip positions. In 
response to each of these paths falling within a defined 
time period referred to as a channel estimation window, 
and more partteulariy in response to the mbamble in 
each path in the channel estimation window, the receiv- 

^ er computes a corresponding channel estimate for each 
path. The channel estimates may be computed using a 
Fourier transform applied to the entire composite signal 
that exists in the channel estimation window, where the 
composite signal is therefore a function of the ml- 

so dambles of any paths occurring within the window. The 
result of the Fourier transform presents channel esti- 
mates at each of the chip positions within the window; 
and the computed channel estimates are stored with ref- 
erences to the chip position for each estimate. Given the 

ss channel estimates, the receiver also performs DPE by 
noncoherently averaging channel estimates derived 
from the midambles over many frames, which generally 
therefore sums the respective absolute channel esti- 
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mate values for each brt position within the channel es- 
timation window. The DPE therefore represents the av- 
erage power at each bit position over nrtany frames, 
thereby attempting to average over the fades and the 
noise. In response to the DPE. the channel estimates 
corresponding to those bit positions having an average 
power greater than some threshold are further used by 
the receiver for addltbnal signal processing, such as for 
developing channel estimates using a maximal ratio 
combining (*MRC') process. 
[0007] To further appreciate the context of the pre- 
ferred embodiments, an additional introduction is made 
with respect to receipt by a receiver of both actual paths 
and false paths. Specifically, recall that a midamble 
used in one cell Is different from the midamble used in 
an adjacent cell. Nonetheless, a receiver may often re- 
ceive paths from both a station in the cell in which the 
receiver is located and also paths from other stations in 
one or more adjacent cells. Thus, in each of the received 
paths, there is included either a midamble for the cell In 
which the receiver is located or a midamble from a dif- 
ferent cell. Ideally, when the receiver is attempting to 
communicate only with other stations in the cell in which 
the receiver is located, then to properly determine its 
channel estimates it should make that determination on- 
ly in response to the paths (and their con'esponding mi- 
dambles) from those other stations in the cell In which 
the receiver is located; thus, these paths are referred to 
as actual paths. Also in the ideal case, the receiver 
should disregard those paths received from transmitters 
of other cells, and those paths are refened to as false 
paths in that they represent information to the receiver 
that is not from the cell with which the receiver is at- 
tempting to communicate. 

[0008] While the preceding aspects of channel esti- 
mates and DPE have provided a certain level of receiver 
performance in the prior art, it has been determined in 
connection with the present inventive embodiments that 
such operations may be improved, thereby also increas- 
ing the perfomnance of additional operations (e.g.. 
MRC) that rely upon these preceding operations. Spe- 
cifically, it now may be noted that by identifying the paths 
having a relatively high average power, the DPE Is in 
effect attempting to identify only the actual paths re- 
ceived, while thereby assuming that the paths having a 
relatively low average power are false paths. However, 
the present inventors have recognized that while the 
DPE process will eliminate some false paths which oc- 
cur due to noise or fading, the DPE process may not 
eliminate a considerable number of other false paths. 
Further, this failure of the DPE has been obsen/ed to 
arise due to the high cross-correlation between the dif- 
ferent midamble sequences. In other words, for the 128 
different possible sequences (of either 1 92 or 456 bits), 
there is a considerable cross-correlation between vari- 
ous pairs of these sequences. This cross-con'elation will 
therefore cause false paths to appear, and it is not ac- 
commodated by the prior art DPE process. As a result, 



in the prior art some of these false paths are accepted 
as actual paths by the DPE process and, thus, the chan- 
nel estimates corresponding to these false paths are 
then used for further processing by the receiver, where 

s such uses thereby deplete resources that are better 
served for processing actual paths. Again by way of ex- 
ample, the channel estimates corresponding to these 
false paths may be assigned to different fingers in a rake 
receiver pertonming MRC analysis, where those fingers 

10 would be better suited for assignment to actual path 
channel estimates. Thus, in the prtor art there is a con- 
skierable chance for communications from adjacent 
cells to diminish the ability of a user station to perform 
its channel estimation. 

IS [0009] In view of the preceding, there is a need to im- 
prove the DPE in response to actual and false midamble 
basic sequences, and this need is addressed by the pre- 
ferred emtxxJiments as described below. 
[0010] In the preferred embodiment, there is a wire- 

20 less communicatbn system. The system comprises 
transmitter circuitry comprising circuitry for transmitting 
a plurality of frames to a receiver in a first ceil. Each of 
the plurality of frames comprises a bit group, and the bit 
group distinguishes the first cell from a second cell ad- 

2S jacent the first cell. Preferably, the bit group uniquely dis- 
tinguishes the first cell from an adjacent second cell. The 
transmittercircuitryfurthercomprlses circuitry for insert- 
ing a bit sequence into the bit group. The bit sequence 
Is selected from a plurality of bit sequences such that 

30 successive transmissions by the transmitter circuitry 
comprise a cycle of successive ones of the plurality of 
bit sequences. Other circuits, systems, and methods are 
also disclosed and claimed. 

[001 1] Specific embodiments of the invention will now 
$s be described, by way of example only, and with refer- 
ence to the accompanying drawings, in which: 
[001 2] Figure 1 illustrates a diagram of a cellular com- 
munications system by way of a contemporary code di- 
vision multiple access ("CDMA") example in which the 
40 preferred embodiments may be implemented. 

[0013] Figure 2 illustrates a TDD radio frame within 
which the preferred embodiments may be embedded 
[0014] Figure 3 Illustrates a time slot within the radio 
frame of Figure 2. 
45 [0016] Figure 4 illustrates a midamble structure for 
vartous users in the same cell wherein the basic se- 
quence of the mkJamble is time shifted for different us- 
ers. 

[0016] Figure 5 illustrates a conceptual drawing of a 
50 set of paths received by a receiver. 

[001 7] Figure 6 illustrates a plot of the cumulative dis- 
tribution of intercell rejection in response to mkiambles 
under the prior art. 

[0018] Figure 7 illustrates a btock diagram of the cir- 
5S cuitry of a base station as an example of a transmitter/ 
receiver according to the preferred embodiment. 
[001 9] Figure 8 Illustrates a state diagram of a method 
for cycling midambles in cell transmissions according to 
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the preferred embodiment. 

[0020] Figures 9a through 9d illustrate an example of 
a receiver's channel estimates by cycling over a se- 
quence of four midambles. 

[0021] Figure 10 illustrates a plot of the cumulative 
distribution of intercell rejection tn response to cycling 
midambles according to the preferred embodiment. 
[0022] Figure 11 presents an additbnal illustration 
contrasting the results of actual versus false path detec- 
tion between the prior art and the preferred embodi- 
ments. 

[0023] Figure 1 illustrates a diagram of a cellular com- 
munications system 10 by way of a contemporary code 
division multiple access ("CDMA") or wideband CD^M 
('WCDMA') example in which the preferred embodi- 
ments may be implemented. Within system 10 are 
shown two base statbns BST1 and BST2. Each base 
statbn BST1 and BST2 includes a respective antenna 
ATI and AT2 from which the station may transmit or re- 
ceive CDMA signals. The general area of intended 
reach of each base station defines a corresponding cell; 
thus, base station BST1 is intended generally to com- 
municate with cellular devices within Cell 1 while base 
station BST2 is intended generally to communicate with 
cellular devices within Cell 2. Of course, some overlap 
between the communication reach of Cells 1 and 2 ex- 
ists by design to support continuous communications 
should a communication station move from one cell to 
the other Indeed, further in this regard, system 10 also 
includes a user station UST, which is shown In connec- 
tion with a vehicle V to demonstrate that user station 
UST is mobile. Thus, vehicle V and Its corresponding 
user station UST may move freely in and between Cell 
1 and Cell 2 (or other cells). In addition, by way of ex- 
ample user station UST includes a single antenna ATU 
for both transmitting and receiving cellular communica- 
tions. 

[0024] In some respects, system 10 may operate ac- 
cording to known general techniques for various types 
of cellular or other spread spectrum communications, 
including CDMA communications. Such general tech- 
niques are known in the art and include the commence- 
ment of a call from user statton UST and the handling 
of that call by either or both of base stations BST1 and 
BST2. Other techniques are ascertainable by one 
skilled in the art. 

[0025] One aspect of operation of system 10 which is 
further enhanced according to the prefen'ed embodi- 
ments, and which in various respects is also reflected 
in the prior art, relates to a technique known as channel 
estimation. Channel estimation is used by a receiver, 
where such a receiver could be either in user station 
UST of base station BST, to estimate the effects that 
have been imposed on a signal communicated from a 
transmitter. For example with respect to Figure 1 , since 
user station UST is located within Cell 1, then as user 
station UST receives data frames from base station 
BST1 , these frames are said to have arrived along com- 



municatbn channels, and user station UST attempts to 
determine the effects those channels have on the com- 
munication. By estimating these effects, the received 
signal or later-received signals may be processed in 
5 view of the channel estimate in an effort to remove the 
channel effects, thereby properly recovering the actual 
data transmitted by base station BST1 . In a similar re- 
spect, as base station BST1 receives data frames from 
user station UST, base station BST1 also attempts to 
determine the channel effects imposed on those data 
frames. In any event, as described in the introductory 
description section of this document, channel estimation 
is performed in response to a midamble encoded within 
each data frame received by a receiver, thus, the notion 
of frames and midambles, both in connectic^i with the 
prior art and the preferred embodiments, are further ex- 
pbred below. 

[0026] Figure 2 illustrates a TDD radio frame FR with- 
in which the preferred embodiment midambles may be 
embedded, where the general timing associated with 
frame FR and Its division into portions as described be- 
low are known in the art. Frame FR is 10 milliseconds 
long and is divided into 15 equal duration slots (i.e., 
therefore, each slot has a duration of 667 microsec- 
onds). For the sake of reference, such slots are shown 
in Figure 2 as SL^ through SLig, and slot SL^ is expand- 
ed by way of an example in Figure 3 to illustrate the fol- 
bwing further details. 

[0027] Figure 3 illustrates the structure of a TDD time 
slot, where slot SL| from Figure 2 is shown by way of 
example. Generally* each slot, Including therefore slot 
SL1, is divkied into what is refen'ed to in the CDMA art 
as 'chips.' Specifically, CDMA communications are 
modulated using a spreading code which consists of a 
series of binary pulses, and each piece of CDMA signal 
transmitted according to this code is said to be a "chip.* 
One current CDMA transfer rate is 3.84 Mchips/second 
and, thus, the 10 millisecond frame FR includes 38,400 
chips (i.e., 3.84 Mchips/second^lO milliseconds = 
38,400). As a result, each of the 15 slots accommodates 
a total of 2,560 chips (i.e., 38.400 chips/1 5.slots = 2,560), 
and each of 160 CDMA symbols within a slot is modu- 
lated with 16 chips (i.e., 2,560 chips/slot + 1 sloV160 
symbols = 16). Looking to the further breakdown of in- 
formatbn within a time sbt as illustrated by the example 
of time sbt SL^ , It includes a first group of data symbols 
20 having 1104 chips. First group 20 corresponds to 69 
data symbols for an example spreading factor equal to 
16. Folbwing first group 20 in time slot SL^ is a midamble 
22 having 16 symbols for the example spreading factor 
equal to 16. As Introduced earlier in this document, mi- 
damble 22 includes a predetermined training sequence, 
where this training sequence is used for purposes of 
channel estimation typically determined using a Fourier 
transform process. Thus, these midamble symbols are 
comparable in some respects to pilot symbols used in 
frequency division duplex ('FDD') systems. Folbwing 
midamble 22 In time slot SL^ Is a second group of data 
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symbols 24, also having 1 1 04 chips. Note that the chan- 
nel estinnate derived from midamble 22 is preferably ap* 
plied against both the first and second group of data sym- 
bols 20 and 24. Finally, second group 26 is followed In 
time slot SL^ by a guard period 26. Guard period 26 has s 
96 chips. 

[0028] Figure 4 illustrates a diagram of an embodi- 
ment of the midamble pattern that is used for channel 
estimation and further demonstrates the use of that pat- 
tern for multiple user stations. Specifically, Figure 4 il- 
lustrates four midambles 30^ through 3O4 corresponding 
to four respective user stations in a single cell, such as 
for Cell 1 In Figure 1. Each midamble includes a cyclic 
prefix where, for sake of reference, each cyclic prefix is 
identified by adding a 'CP' subscript to the midamble 
identifier (e.g., cycle prefix 20^cp midamble 30^). 
Each midamble also includes a circularly shifted basic 
sequence area which is identified by adding a 'BSA' 
subscript to the midamble identifier (e.g., basic se- 
quence area SO^bsa midamble 30^). A physical gap 
is shown in Figure 4 between each cyclic prefix and its 
basic sequence area only for the sake of illustration, 
where in fact it should be noted that the infonmation for 
a given midamble is contiguously presented starting 
with the cyclic prefix and followed by Information in its 
circularly-shifted basic sequence area. Each of these 
components of the midamble is further discussed below. 
[0029] Each circularly shifted basic sequence area in- 
cludes the cell's unique basic sequence but which Is po- 
sitioned in a shifted manner that is circular with respect 
to the basic sequence for each other user station in the 
same cell. To illustrate this aspect, Figure 4 depicts 
shading in each basic sequence area to denote the log- 
ical beginning of the sequence, where the non-shaded 
area is intended to illustrate the remainder of the basic 
sequence. For example with respect to midamble 30^, 
within its basic sequence area 30<ib3a is its basic se- 
quence With Its beginning logically positioned to the left 
in the area and followed by the remainder of the basic 
sequence bits; in contrast, midamble 3O2 Includes the 
same basic sequence within area 302bsa> shaded 
portion demonstrates that the beginning of the basic se- 
quence is shifted farther in time to the right relative to 
basic sequence area 30^bsa midamble 30,. The 
amount of shift of a basic sequence is defined as an off- 
set for each user. In addition, to the extent that the basic 
sequence within area 302bsa ^ ®hi^ed right, note further 
that the end of the information of that basic sequence 
wraps around so that the logical end of the sequence 
actually appears in time at the beginning of area 302bsa* 
Indeed, this same wraparound effect occurs to an even 
greater extent for the basic sequence as it is encoded 
within areas 3O3BSA ^4BSA because the beginning 
of the bask: sequence in those areas (l.e., shown by 
shading) is successively shifted farther to the right, 
thereby leaving a greater portion of the basic sequence 
to wraparound and, hence, to appear in the left portion 
of the respective area. Lastly, note that a tail end region 



32 is defined generally for all midambles in Figure 4 as 
an area to the right of a dashed vertical line 32qi. Tail 
end region 32 is depicted to denrKxistrate that the cyclic 
prefix for each user statbn midamble Is merely a copy 
of the pattem of bits wKhin the corresponding tail end 
region 32 for the midamble. For example with respect 
to user 3 and its mkiamble 3O3, one skilled in the art will 
readily appreciate that within tail end region 32 for mi- 
damble 303 is shown a portbn of the beginning of the 
bit sequence as shown by a shaded portion followed.by 
additional bits of that basic sequence shown by a non- 
shaded portion, and those two portions are also shown 
to the same extent within cyclic prefix 3O3QP. 
[0030] By way of further context for the preferred em- 
bodiments, Figure 5 illustrates a conceptual drawing of 
a number of paths received by a receiver (e.g., UST), 
where as an example a total of five paths through P5 
are shown and at the chip positions depicted along the 
horizontal axis. No explicit vertical axis is shown but the 
relative magnitude of each path is as demonstrated by 
the relative height of each path in Figure 5. Further, for 
sake of discussion a threshold THR is shown with all 
paths P, through exceeding threshold THR. Additton- 
ally, paths P2 and P4 are shaded to Indicate that they 
are actual paths, meaning those paths are from within 
the cell In which the receiving user station is boated; to 
the contrary, the remaining paths P,. P3, and Pg are not 
shaded and, therefore, represent false paths, that is, 
they represent cross-correlatbns with midambles from 
one or more different (e.g., likely adjacent) cells. Of 
course, the receiver receiving paths P^ through P5 is 
not, upon receipt of those paths, Informed as to which 
path(s) is actual and which path(s) Is false and this ina- 
bility to distinguish paths raises oonsklerattons in con- 
nection with the preferred embodiments discussed be- 
low. 

[0031] Given the possibility of a receiver receiving 
both actual and false paths, both the prior art and the 
preferred embodiments endeavor to reduce the effects 
of false paths on the processing and operation of the 
receiver. In the art, therefore, there is a goal of a receiver 
to reject the false paths and this concept is sometimes 
referred to as intercell rejection, that is, the receiver at- 
tempts to reject paths from cells other than the cell in 
which the receiver is located. More particularly as relat- 
ed to the present embodiments, each path represents 
the receipt of a frame, thereby further including slots and 
corresponding midannbles. In the same respect that 
generally the receiver attempts to improve intercell re- 
jection, more specifically for the present context the re- 
ceiver attempts to improve intercell rejection of mi- 
dambles, that is, to reject false paths along with their 
corresponding midambles and to thereby exclude the 
channel estimates from those midanrtbles from being 
used in further processing such as maximal ratio com- 
bining ("MRC) operations. Further In this regard, Figure 
6 illustrates a plot of an example of the cumulative dis- 
tribution of intercell rejection under the prior art. Specif- 
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icaliy. Figure 6 illustrates an instance where a receiver 
(e.g., UST) receives two paths, each having respective 
midambles of equal power of length 256 and within a 
channel estimation window of 24 chips, where one of 
the midambles is assumed to be an actual midamble (e. 
g., from base station BST1 ) while the other midamble is 
assumed to be a false midamble (e.g., from base station 
BST2). An intercell interference rejection of 6 dB means 
that the strongest false path caused by cross correlation 
from an Interfering base station Is 6 dB lower in power 
than the strongest path of the actual base station. Thus, 
if the strongest path from the actual base station has 
amplitude one (i.e., power of 0 dB), then the strongest 
false path has amplitude 0.5 (i.e., power of -6 dB). 
[0032] Given the cumulative distribution of Figure 6, 
typically a threshold is used by a receiver In its DPE 
process in an attempt to distinguish actual paths from 
false paths, where this threshold may be perceived con- 
ceptually as threshold THR in Figure 5. However, if 
threshold THR is set to a relatively low value so as to 
increase the likelihood of including actual paths, then 
one skilled In the art will appreciate that the relatively 
large cross correlation from an interfering transmitter al- 
so may cause false paths to exceed threshoki THR. If 
this occurs, then the receiver will perform additional op- 
erations in response to both the actual and false path 
midambles that exceed threshold THR, such as in MRC 
operatbns discussed earlier; thus, the false paths intro- 
duce additional noise into signal processing and de- 
crease the signal-to-noise ratio. Alternatively, threshold 
THR could be set very high, but this woukJ thereby ex- 
clude the weaker actual paths; such an alternative 
would result in a loss of diversity and a loss in signal 
power which therefore also would lead to a loss in sig- 
nal-to-nolse ratio performance. 
[0033] Figure 7 illustrates a block diagram of base sta- 
tion BST1 (or BST2) by way of an example of the pre- 
ferred embodiment for a transmitter/receiver, and in 
which various aspects relating to midamble transmis- 
sion may be Implemented as detailed further below In 
connection with Figure 8. Looking generally to Figure 7, 
a construction of base station BST1 according to a pre- 
ferred embodiment Is now described. One skilled in the 
art will appreciate that this particular architecture is pro- 
vided by way of example only, and that other base sta- 
tion architectures may be used according to the present 
inventive scope. Additionally, the structure of Figure 7, 
as explained in further detail below, is readily modified 
to present a preferred embodiment transmitter/receiver 
for use in a user station (e.g., UST) as opposed to a 
base station. 

[0034] As shown In Figure 7, base station BST1 in- 
cludes amplifiers 42 for driving amplified transmisston 
signals over base station antenna AT1 (or multiple an- 
tennas), and for amplifying signals received from anten- 
na ATI. RF Interface function 44 includes the appropri- 
ate transmit and receive formatting and filtering circuitry. 
Additk)nally, RF interface function 44 includes analog- 



to-digital converters for digitizing the amplified receive 
signals, and digital-to-analog converters for placing the 
transmitted signals into the analog domain. As such, RF 
interface function 44 communk:ates digitally with base- 
s band interface 45, which provides the appropriate signal 
formatting between RF interface function 44 and base- 
band devtee 40. 

[0035] Baseband devk:e 40 communicates with the 
ultimate network, which may be of the El or T1 class, 

10 or a packet network as shown in Figure 7, by way of 
physk:ai layer interface 55 and network interface adapt- 
er 56. Physical layer interface 55 and network interface 
adapter 56 are conventtonal subsystems, selected ac- 
cording to the type of network and corresponding inter- 

is face desired for base station BST1 . 

[0036] Baseband device 40 performs the digital signal 
processing functions in handling the wireless communi- 
cations at base station BST1, where such functions in- 
clude among many others the function of creating and 

20 embedding the midambles into frame time slots accord- 
ing the preferred embodiment as further discussed be- 
low. To perform these functions, it is contemplated that 
baseband device 40 will be a subsystem including one 
or more high-performance digital signal processor 

2S (DSP) devices, such as those of the TMS320c5x and 
TMS320c6x class of DSPs available from Texas Instru- 
ments Incorporated, along w'rth the appropriate memory 
and external functions suitable for handling the digital 
processing requirements of base station BST1 . For Fig- 

30 ure 7, the implementation of baseband device 40 is de- 
scribed according to its various functions, rather than by 
way of its constructbn. it being contemplated that those 
skilled in the art will be readily able to realize baseband 
device 40 using such conventional integrated circuits 

3S from this functional descriptbn , and according to the ca- 
pacity desired for base station BST1. 
[0037] On the transmit side, baseband device 40 in- 
cludes encode and modulate function 54, which is cou- 
pled between physical layer interface 55 and baseband 

40 Interface 45, as shown in Figure 7. Encode and modu- 
late function 54 receives digital data from physical layer 
interface 55, and performs the appropriate digital 
processing functions for the particular protocol. For ex- 
ample, encode and modulate function 54 may first en- 

45 code the received digital data into symbols. As another 
example, encode and modulate function 54 may then 
locate the symbols into frame time slots, with each time 
slot having a midamble inserted between data symbols 
as shown earlier in Figure 3. All symbols are then 

so spread, by way of a spreading code, into a sequence of 
chips, according to a selected chip rate; the spreading 
also may include the spreading of the symbols into muk 
tiple subchannels. Typically, a cell-specific scranrtbling 
code is then applied to the spread symbols, so that a 
receiving wireless unit can distinguish transmissions 
generated by this base station BST1, from those of 
neighboring cells. Modulation of the spread symbols is 
then perfonmed; commonly, the multiple subchannels 
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are split into tn-phase (I) and quadrature (Q) groups, so 
that the eventual modulated signal includes both com- 
ponents. The spread spectrum signal is then applied to 
baseband interface 45, after the appropriate filtering and 
pre-equalization for channel distortion, for transmission s 
over antenna ATI via RF Interface functbn 44 and am- 
plifiers 42. 

[0038] On the receive side, baseband device 40 re- 
ceives Incoming digital signals from baseband interface 
45, after digitization of the received signals within RF to 
Interface function 44. These signals are applied to chip- 
rate demodulation and despreading function 48, which 
derives the transmitted symbols from the digitized re- 
ceived data. Considering that base station BST1 re- 
ceives signals over multiple channels, from multiple is 
wireless user stations in its cell, channel estimation 
function 46 estimates the random channel variation. 
Channel estimatbn function 46 and chip-rate demodu- 
lation and despreading function 48 each provide output 
to symbol user detection and combining function 50, in 
which the denrKxiulated data are associated with their 
respective channels. In addition, recalling that it is men- 
tioned above that the block diagram of Figure 7 is readily 
altered to provide a block diagram of a user station, it is 
now noted further that such an alteration may be 2$ 
achieved by further including within block 50 a joint de- 
tector function. In this case, the joint detector provides 
a multi-user detection functionality which is preferred for 
a TDD system because the spreading factor is relatively 
small (e.g., 16) and so there is considerable interference 30 
from other users. Thus, the joint detector operates to 
cancel out interference from other users. Returning to 
block 50 In general, after the demodulated data are as- 
sociated with their respective channels, symbol decode 
function 52 decodes the received symbols, for each 3S 
channel and thus each conversation, into a bit stream 
suitable for communication to the network via physical 
layer interface 55 and network interface function 56. 
[0039] Figure 6 illustrates a state diagram of a pre- 
ferred embodiment method for operating a transmitter 40 
(i.e., either in a base station BST1 or BST2 or user sta- 
tion UST) to cycle the midambles rt includes in its trans- 
missions. For the sake of focusing on a preferred as- 
pect, the state diagram of Figure 8 is directed only to the 
insertion of midambles into frames (I.e. , time slots there- ^ 
of) by a transmitter, where such operations may occur 
via encode and modulate function 54 of Figure 7; how- 
ever, one skilled in the art should appreciate that the 
transmitter (and its associated receiving circuitry) is also 
concurrently performing numerous other functions not so 
illustrated with respect to Figure 8. Looking to the state 
diagram, the transmitter begins its operation in a first 
state . Next, the operation transitions from state to 
state S2, and this transKion represents the formatbn of 
a first frame F^ to be transmitted by the transmitter. Spe- ss 
cifically, for each time slot in this first frame F^, a first 
midamble is Inserted into the time slot for first frame 
F^ (shown in Figure 8 as M|-^F^) . Next, the operation 



transitions from state S2 to state 83, and this transition 
represents the fomnatbn of a second frame F2 to be 
transmitted by the transmitter. For each time stot in this 
second frame F2. a second midamble M2 is inserted into 
the time slot for second frame Fg (i.e., Mg-^Fg). Further, 
the operations just described through state S3 repeat for 
each additional state transitton in Figure 8, whereby a 
final state S^^^ is shown representing the fonmation of a 
frame F^ where for that frame the transmitter inserts a 
midamble M^^ into each time slot for that frame Fx^ 
[0040] Having described a first sequence of the states 
of Figure 8, attention is now directed to the next (and 
further successive) sequences of those states. First, af- 
ter state S^is reached and frame F^is transmitted with 
midamble M^, it may be appreciated that the midambles 
corresponding to frames F^ through Ff^ have cycled 
through a respective sequence of midambles 
through M^. Following the transmission of frame F^and 
its midamble Wif(, the flow of Figure 8 returns to state 
Thus, the next frame to be transmitted by the transmitter 
may be represented as F^^^. For this frame, the cyclic 
sequence of midambles through is repeated, 
starting therefore with the first midamble In that se- 
quence, M^; thus, is now inserted by the transmitter 
Into frame F;^:^^ As each additional frame is created, 
then each additional state is encountered so that the cy- 
cling through the midamble sequence continues, where- 
by midamble M2 Is inserted Into frame fK^2* midamble 
M3 is inserted into frame F^^3, and so forth until mkiam- 
ble M^is inserted into frame F2K' Finally, the state dia- 
gram of Figure 8 may repeat numerous times, where 
each repetition of all states con^esponds to a complete 
cycling through the midamble sequence for the base 
station. 

[0041] From the preceding, one skilled in the art 
should now appreciate that in the preferred embodiment 
a transmitter does not transmit only a single assigned 
midamble corresponding to the cell In which it is located 
as is the case in the prior art. Instead, in the preferred 
embodiment a cell is assigned a sequence of K mi- 
dambles, and then a transmitter conmunicatlng within 
that cell cycles through these midambles one at a time. 
In the preferred embodiment, the cycling is such that a 
different midamble is used for each successive frame 
transmitted by the transmitter until all midambles in the 
cycle have been transmitted. Given this operation, var- 
bus additional obsen/ations may be made in connection 
with particular implementations. As a first obsen/ation, 
the value of Kin Figure 8 may be selected by one skilled 
in the art according to varbus considerations. For ex- 
ample, during the development of the preferred embod- 
iment, a value of Kon the order of 18 was expbred, 
thereby providing a cyclic sequence of midambles hav- 
ing a total of 1 8 different midambles. More recently and 
as further detailed below, it has been observed as a pre- 
ferred embodiment that operational improvements may 
be achieved over the prior art with K equal to a lesser 
number than 18, and hdeed considerable benefit may 
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be achieved with Kequal to two or four. For an emt>od- 
iment in which /^2, respective midambles may be se- 
lected in accordance with whether the frame number is 
odd or even. As a second observation, the mechanism 
for implementing the sequencing operation and its rep* 
etrtion may be selected by one skilled in the art. In one 
preferred embodiment approach, note that base station 
communlcatbns in a TDD system are synchronized to 
the extent that each frame Includes a system frame 
number. Accordingly, the tracking of the change to each 
different midamble in the cyclic sequence of midambles 
may be associated with a change in the system frame 
number. For example, in a preferred embodiment where 
the cyclic sequence Includes two different midambles (I. 
e., /^2), then a first midamble may be inserted into a 
frame and transmitted by a transmitter when the base 
station's system frame number Is odd while a second 
midamble may be inserted into a frame and transmitted 
by a transmitter when the base station's system frame 
number is even. As another example, in a preferred em- 
bodiment where the cyclk: sequence has more than two 
different midambles (i.e., K>2), then a modulo counter 
may be triggered by each increment in the base station's 
system frame number where each change in the counter 
causes a different and next successive one of the mi- 
dambles in the cyclic sequence to be inserted into a 
frame and transmitted by a transmitter. Still other exam- 
ples are ascertainable by one skilled in the art. 
[0042] Having described the transmisston through a 
cycle of midambles for a cell according to the preferred 
embodiment, one skilled in the art shouki readily appre- 
ciate that comparable operations are to be performed 
by a receiver within a given cell as is now bnefly ex- 
plored. Generally, the receiver operation parallels that 
of the state diagram of Figure 8, where for each succes- 
sive state transition the receiver measures channel es- 
timates in response to the midamble for the cunent 
state. For example, since midamble is transmitted in 
frame F^ and is selected from a cycle of midambles In 
response to the system frame number, then when that 
frame F^ is received then the receiver uses the same 
system frame number to use the same midamble to 
measure channel estimates, that is, to evaluate the cor- 
relation between midamble and the midambles in the 
received paths. Similarly, therefore, this cycling opera- 
tion at the receiver continues for successive frames, 
again as reflected by the system frame number. Thus, 
when the next frame, F2, is received by the receiver, it 
uses the system frame number to indicate to it that it is 
to use midamble M2to measure channel estimates. This 
process, therefore, continues in a circular fashion up to 
using midamble M^^ for measuring channel estimates 
with respect to frame F^, after which the process repeats 
with midamble and so forth. 
[0043] To further demonstrate the operation of a re- 
ceiver in accordance with the preferred embodiment, 
Figures 9a through 9d deptet an example of successive 
frames received for a system using a cycle of four mi- 



dambles through M4 (I.e., /C=4). respectively. The 
general format of Figures 9a through 9d Is comparable 
to Figure 5 In that each Figure illustrates a conceptual 
drawing of a number of paths detected by a receiver at 

s the chip positions depicted, where it now be further un- 
derstood with respect to the present Figures that they 
illustrate paths Mentified by the receiver performing 
channel estimates using the cycle of four midambles 
through M4. Thus, for Figure 9a. the receiver determines 

10 channel estimates using midamble and. in response, 
it identifies six paths P^q through P15. Similarly, for Fig- 
ure 9b, the receiver determines channel estimates using 
midamble M2 and, in response, It Identifies four paths 
P20 through P23. Similar observations may be made with 

IS respect to Figure 9c where paths P30 through P^s are 
identified in response to a channel estimate based on 
midamble M3 and with respect to Figure 9d where paths 
P40 through P45 are kientifled in response to a channel 
estimate based on midamble M4. 

20 [0044] Examining now Figures 9a through 9d as a 
whole, the results of the preferred emt>odiment of cy- 
cling midambles for signal transmission and' receipt 
may be appreciated. More particularly, a receiver per- 
forming DPE in the preferred embodiment does so by 

25 evaluating channel estimates over successive frames 
using the different midambles in the cycle as described 
above, and then the receiver further enhances that proc- 
ess by identifying as actual paths those paths that ap- 
pear at the same bit position for those successive 

30 frames^ In other words, for each individual Figure 9a 
through 9d and according to the prior art, only the rela- 
tive magnitude of each path provkies a basis from which 
to attempt to distinguish an actual path from a false path. 
However, because the preferred embodiment uses a dif- 

3S ferent midamble for successive frames, then only those 
paths that appear in the same bit positions over those 
successive frames are likely to be actual paths. To fur- 
ther appreciate this aspect, note in contrast that if the 
same midamble were used as in the prior art, then one 

40 skilled in the art would anticipate paths to exist at differ- 
ent positbns as between Figures 9a and 9b due to the 
cross-correlations from one or more other midambles. 
However, because cycled midambles are used in the 
preferred embodiment, then it is much more likely that 

^ paths at the same bit position over successive frames 
are likely to be from strong autocorrelations for each dif- 
ferent midamble in the cycle and, hence, such like-po- 
sitioned paths are likely to reflect an actual path rather 
than a false path. By way of a specific example, com- 

so paring Figure 9a to Figure 9b, it may be seen that three 
paths occur at like chip positions, namely, paths P^2 
P21 occur at position 1 4, paths P,3 and P22 occur at po- 
sitbn 16, and paths P^4 and P23 occur at position 20. 
N^rlous circuits may be used to klentify these like-posi- 
es tioned paths, such as through use of a matched filter. In 
any event, with only the two midambles of Figures 9a 
and 9b. it couki be predicted that each of the three paths 
having common bit poslttons are actual paths, while the 
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remaining paths are false paths. However, by adding 
Figure 9c and its midamble to the analysis, it may be 
seen that no path is identified at position 20, white there 
are still two paths (i.e.. paths and P34) at position 14 
and 1 6 for which there were paths for midambles and 
M2 in Figures 9a and 9b, respectively. Indeed, finally 
looking to Figure 9d, once again it is seen that paths 
exist at positions 14 and 16 (i.e., paths P42 and P44). 
Accordingly, in the preferred embodiment the DPE of the 
receiver is aided by giving additional consideration to 
those paths at like positions and, thus, it nrmy be con- 
cluded by the receiver after cycling through midambles 
through M4 that the paths at positions 14 and 16 are 
actual paths (and. thus, are shaded by way of the con- 
vention of Figure 5), while the remaining paths indicated 
in Figures 9a through 9d are false paths (and, thus, are 
not shaded by way of the convention of Figure 5). 
[0045] Figure 10 illustrates a plot of the cumulative 
distribution of intercell rejection in response to cycling 
midambles according to the preferred embodiment. 
More particularly, Figure 10 illustrates the Intercell re- 
jection for an example where K=^&, that is, the mi- 
dambles are cycled in frame transmissions over a se- 
quence of 1 8 different sequences before returning again 
to repeat that sequence. The plot of Figure 10 therefore 
may be contrasted to the prior art plot of Figure 6. In 
Figure 10, the minimum intercell rejection is 9 dB and 
the median rejection is 11 dB. Thus, in general the inter- 
cell rejection is greater than that in the prior art and, 
therefore, there Is a greater tendency to reject false 
paths. As a result, this allows the DPE to more accu- 
rately detemilne actual paths, with the improved detec- 
tion of those paths thereby improving additbnal receiver 
operations. 

[0046] Figure 11 presents an additional illustratbn 
contrasting the results between the prior art and the pre- 
ferred embodiments as relating to actual versus false 
path detection. Specifically, Figure 11 illustrates a cu- 
mulative distribution of midambles, and for that distribu- 
tion Figure 11 presents a pk)t 60 con'esponding to the 
case of no midamble cycling, as well as a p\o\ 62 corre- 
sponding to the case of cycling between two different 
midambles and a plot 64 corresponding to the case of 
cycling between four different midambles. The vertical 
axis in Figure 11 indicates the number of false paths 
having a value of greater than -10 dB, that Is, paths be- 
low -10 dB are disregarded. Plot 60 demonstrates that 
if no midamble cycling is performed, then 50 percent of 
the time there are eight or more false paths that are -10 
dB or stronger. In contrast, plot 62 demonstrates that if 
midamble cycling is performed per Figure 8 and using 
only two midambles (i.e., K?:2), then far fewer number 
of false paths occur as compared to plot 60. Still further, 
plot 64 demonstrates that if midamble cycling is per- 
formed per Figure 8 and using four midambles (i.e., 
/(b4), then more than 85 percent of the time there are 
no false paths detected. 

[0047] From the above, it may be appreciated that the 



above embodiments provide a transmitter for use in a 
wireless system and for cycling midambles to improve 
intercell rejection. Further, while the present embodi- 
ments have been described in detail, various substitu- 

5 tions, modifications or alterations could be made to the 
descriptions set forth above without departing from the 
inventive scope. Indeed, varbus different emt>odiments 
have been described which assist in developing this in- 
ventive scope. In addition, still other changes may be 

10 made to the inventive teachings. For example, the trans- 
mitter of Figure 7 is only one of many transmitter em- 
bodiments which may cycle midambles according to the 
teachings of this document. As another example, while 
midambles have been shown to be cycled on a per 

IS frame basis, in an alternative embodiment they may be 
cycled according to some other grouping of data (e.g., 
per time slot, per multiple frames). As another example, 
while the preferred embodiment has been described in 
the context of a TDD CDMA implementation, other wire- 

20 less systems such as time division multiple access ("TD- 
MA*) also may benefit from the present teachings. As 
yet another example, while a midamble has been shown 
as a preferred group of bits that may be cycled, other 
sets of bits that are unique to a cell may well be identified 

2S by one skilled in the art as having undesirable cross cor- 
relatbns so that as an improvement the bit sets may be 
cycled through a sequence of two or more alternative 
bit sets so as to reduce the cross correlations and any 
negative results arising from those cross correlations. 

30 From the above, therefore, one skilled in the art should 
further appreciate the Inventive scope as defined by the 
following claims. 

[0048] The scope of the present disclosure Includes 
any novel feature or combination of features disclosed 

3S therein either explbitly or implicitly or any generalisatbn 
thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or ail of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be fomiulated to 

40 such features during the prosecution of this application 
or of any such further application derived therefrom. In 
particular, with reference to the appended claims, fea- 
tures from dependent claims may be combined with 
those of the independent claims and features from re- 

45 spective independent claims may be combined in any 
appropriate manner and not merely in the specific conv 
binations enumerated in the claims. 
[0049] Insofar as embodiments of the invention de- 
scribed above are implementable, at least in part, using 

50 a software-controlled programmable processing device 
such as a Digital Signal Processor, microprocessor or 
other processing device, it will be appreciated that a 
computer program for configuring the programmable 
device to implement the foregoing described methods 

ss Is envisaged as an aspect of the present Invention. The 
computer program may be embodied as source code 
and undergo compilation for Implementation on a 
processing device, or may be embodied as object code. 
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[0050] Suitably, the computer program is stored on a 
carrier medium in machine or device readable form, for 
example In solid-state memory or magnetic memory 
such as disc or tape and the processing device utilises 
the program or a part thereof to configure it for operation. 
The computer program may be supplied from a remote 
source embodied in a conrvnunications medium such as 
an electronic signal, radio frequency carrier wave or op- 
tical carrier wave. Such earner media are also envis- 
aged as aspects of the present invention. 



Claims 

1 . A wireless communication system, comprising: 

transmitter circuitry comprising circuitry for 
transmitting a plurality of frames to a receiver 
in a first cell; 

wherein each of the plurality of frames compris- 
es a bit group; 

wherein the bit group distinguishes the first ceil 
from a second cell adjacent the first cell; 
wherein the transmitter circuKry further com- 
prises circuitry for Inserting a bit sequence into 
the bit group; and 

wherein the bit sequence is selected from a plu- 
rality of bit sequences such that successive 
transmissions by the transmitter clrcuitiy com- 
prise a cycle of successive ones of the plurality 
of bit sequences. 

2. The system of claim 1 : 

wherein each of the plurality of frames compris- 
es a midambte; and 

wherein the mldamble comprises the bit group. 

3. The system of claim 1 or 2, wherein the plurality of 
bit sequences consists of two bit sequences. 

4. The system of any preceding claim, 

wherein each of the plurality of frames has a 
corresponding system frame number; and 
wherein the bit sequence is selected from the 
plurality of bit sequences in response to the 
system frame number. 

5. The system of claim 4 wherein the bit sequence Is 
selected from the plurality of bit sequences In re- 
sponse to whether the system frame number is odd 
or even. 

6. The system of claim 1 or 2, wherein the plurality of 
bit sequences consists of four bit sequences. 

7. The system of any preceding claim, 



wherein each of the plurality of frames connprls- 
es a midamble; 

wherein the midamble comprises the bit group; 
and 

5 wherein the transmitter circuitry comprises CD- 

MA transmitter circuitry. 

8. The system of claim 6, 

10 wherein each of the plurality of frames has a 

corresponding system frame number, and 
wherein each bit sequence is selected from the 
plurality of bit sequences in response to the 
system frame number. 

15 

9. The system of any one of claims 1 to 6 or 8, wherein 
the transmitter circuitry comprises CDMA transmit- 
ter circuitry. 

20 1 0. The system of any one of claims 1 to 6 or 8, wherein 
the transmitter circuitry comprises TDMA transmit- 
ter circuitry. 

11. The system of any preceding claim, and further 
2$ comprising a receiver, wherein the receiver com- 
prises: 

circuitry for receiving the plurality of frames; 
and 

30 circuitry for identifying paths in the plurality of 

frames as actual paths in response to a conr>- 
parison of path positions resulting from succes- 
sive correlation measures between successive 
ones of the plurality of bit sequences in the cy- 

3S cle and the bit group in each of the plurality of 

frames. 

12. The system of claim 11, wherein the circuitry for 
identifying paths In the plurality of frames as actual 

40 paths Identifies paths as actual paths in response 
to paths In the plurality of frames have a like chip 
position. 

13. A wireless communication system, comprising: 

4S 

receiver circuitry comprising circuitry for receiv- 
ing a plurality of frames from a transmitter In a 
first cell; 

wherein each of the plurality of frames compris- 
50 es a bit group having a bit sequence; 

wherein the bit group distinguishes the first cell 
from a second cell adjacent the first cell; 
wherein the receiver circuitry further comprises 
circuitry for identifying paths in the plurality of 
55 frames as actual paths In response to a com- 

parison of path positions resulting from succes- 
sive correlation measures between successive 
ones of the plurality of bit sequences in the cy- 



19 



EP1 075158A2 



20 



cle and the bit group In each of the plurality of 
frames. 

14. The system of claim 13. wherein the circuitry for 
identifying paths identifies paths as actual paths in 
response to paths in the plurality of frames have a 
like chip position. 

15. The system of claim 13 or 14, 

wherein each of the plurality of frames compris- 
es a midamble; and 

wherein the midamble comprises the bit group. 

16. The system of claim 15, wherein the plurality of bit 
sequences consists of two bit sequences. 

17. A method of operating a wireless communication 
system, comprising the steps of: 

transmitting a plurality of frames by transmitter 

circuitry to a receiver in a first cell; 
wherein each of the plurality of frames compris- 
es a bit group; 

wherein the bit group uniquely distinguishes the 
first cell from a second cell adjacent the first 
cell; 

wherein the transmitting step comprises insert* 
ing a bit sequence Into the bit group; and 
wherein the bit sequence is selected from a plu- 
rality of bit sequences such that successive 
transmissions by the transmitter circuitry com- 
prise a cycle of successive ones of the plurality 
of bit sequences. 

18. The method of claim 17, 

wherein each of the plurality of frames compris- 
es a midamble; and 

wherein the midamble comprises the bit group. 

19. The method of claim 17 or 18, wherein the plurality 
of bit sequences consists of two bit sequences. 

20. The method of any one of claims 17 to 19, 



of bit sequences consists of four bit sequences. 

23. The method of any one of claims 17 to 22, 

s wherein each of the plurality of frames compris- 

es a midamble; 

wherein the midamble comprises the bit group; 
and 

wherein the transmitter circuitry comprises CD- 
10 MA transmitter circuitry. 

24. The method of claim 22, 

wherein each of the plurality of frames has a 
IS corespondlng system frame number; and 

wherein each bit sequence is selected from the 
plurality of bit sequences In response to the 
system frame number. 

20 25. The method of any one of claims 17 to 22 or 24, 
wherein the transmitter circuitry comprises CDMA 
transmitter circuitry. 

26. The method of any one of claims 17 to 22 or 24, 
25 wherein the transmitter circuitry comprises TDMA 

transmitter circuitry. 

27. The method of any one of claims 17 to 26, and fur- 
ther comprising the steps of: 

30 

receiving the plurality of frames at a receiver 
statbn in the first cell; and 
Identifying paths in the plurality of frames as ac- 
tual paths in response to a comparison of path 
^ positions resulting from successive correlation 

measures between successive ones of the plu- 
rality of bit sequences it the cycle and the bit 
group in each of the plurality of frames. 

40 28. The method of claim 27, and further comprising ap- 
plying channel estimates corresponding to the ac- 
tual paths to a maximal ratio combiner circuit. 

29. A method of operating a wireless communlcatton 
4S system, comprising the steps of: 



10 



IS 



30 



3S 



wherein each of the plurality of frames has a 
corresponding system frame number; and 
wherein the bit sequence is selected from the 
plurality of bit sequences In response to the 
system frame number. 

21. The method of claim 20, wherein the bit sequence 
is selected from the plurality of bit sequences in re- 
sponse to whether the system frame number is odd 
or even. 

22. The method of claim 17 or 18, wherein the plurality 



receiving a plurality of frames from a transmitter 
in a first cell; 

wherein each of the plurality of frames compris- 
50 es a bit group having a bit sequence; 

wherein the bit group uniquely distinguishes the 
first cell from a second cell adjacent the first 
cell; 

identifying paths in the plurality of frames as ac- 
SB tual paths in response to a comparison of path 

positions resulting from successive con'elation 
measures between successive ones of the plu- 
rality of bit sequences In the cycle and the bit 
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group in each of the plurality of frames. 

30. The method of claim 29» wherein the identifying step 
comprises identifying paths as actual paths in re- 
sponse to paths in the plurality of frames have a like s 
chip position. 

31 . A computer program in machine or device readable 
form for configuring a programmable device to im- 
plement any one of the methods of claims 1 7 to 30 io 

32. A computer program in machine or device readable 
form and convertible for configuring a programma- 
ble device to implement any one of the methods of 
claims 17 to 30. is 

33. A carrier medium carrying a computer program ac- 
cording to claim 30 or 31 . 

20 



25 



30 



35 



40 



45 



SO 



55 



EP 1 075 158 A2 



•CELL 1- 



ATI 



BST1 



ATU 




UST 



10 msec 



FRAME 



FRAME 



! FR 












SL2 


SL3 




SL,4 


SLi5 



CELL 2- 




10 



FIG. 1 



FIG. 2 



SLi 



20 



22 



24 



26 



DATA SYMBOLS 
(1104 CHIPS) 


MIOAMBLE 
(256 CHIPS) 


DATA SYMBOLS 
(1 104 CHIPS) 


CP 



FIG. 3 



96 
CHIPS 



USER CYCLIC PREFIX 



30 (cP 



30 2CP 



30 3CP 



30 4CP 



CIRCULARLY SHIFTED BASIC SEQUENCE 



30,BSA 



3 [ 



—7 



3O3BSA 



FIG. 4 



3O4BSA 



32 



30| 



3O2 



3O3 



3O4 



■t)L32 



EP 1075 158 A2 



Pi 




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

CHIP POSITION 

FIG. 5 



12 



10 



INTERCeil 
INTERFERENCE 
REJECTION 6 
(dB) 



8 • 




0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
CUMULATIVE DISTRIBUTION 



FIG. 6 

(PRIOR ART) 



EP1 075158A2 



56 


55 


\ 


s 1 — 


NETWORK 




PHY 


INTERFACE 




INTERFACE 



TO/FROM 
E1/T1 OR 
PACKET 
NETWORK 



40- 



SYMBOL 
DECODE 



X 



•52 



SYMBOL USER 
DETECTION 
COMBINING: 
JOINT DETECTOR 



■50 



48 

jL 



54 
2 



■ATI 



42 



AMPLIFIERS 



ENCODE 

AND 
MODULATE 



CHIP-RATE 
DEMODULATE 
AND DE-SPREAD 



46 



CHANNEL 
ESTIMATION 



44 



RF 

INTERFACE 



45 
/ 



BASEBAND 
INTERFACE 



FIG. 7 



\ 

BSTI 




EP 1 075 158 A2 



Ml 



'10 



Pl2 



'11 



Pl3 



T—l — I — I — i — I — 1 I I 'l' I T I V I V I — I I 'l' I 'I' I 1 I — I — r— T 

1 2 3 4 5 6 7 8 9 10 11 121314151617181920 2122232425262728 



FIG. 9a 



M2 



'20 



P21 y 



hi 



1 — I — I — I — I — I — I — I '1' i — \ — I — I T I 'I" 1 — I — I '1' I — I — I — I — I I I ' 
1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728 



FIG. 9 b 



M3 



P30 P31 



P32 P34 



P36 

2 



1 — I — t "I" I "1" I — I — I — r— I — I ' I ' I T I ' I ' I — I — m — I — I — I I I r 
1 2 3 4 5 6 7 8 9 10 11121314151617181920 2122232425262728 



FIG. 9c 



|yl4 



P41 
P40 V, 



P42 P44 



P45 



1 I I i I I T T I I I I I V ' > ' ' 1 ' I I t I ' I ' > I t I I 1 I 

1 2 3 4 5 6 7 8 9 10111213141516171819202122232425262728 



FIG. 9d 



EP 1 075 158 A2 



13.0 




CUMUIATIVE DISTRIBUTION 



FIG, 10 



NUMBER OF 
FALSE PATHS 



16 
16 
14 
12 
10 
8 
6 
4 
2 



NO MIOAMBLC aCLING 



60 



7^- 



i 



62 



"CYCUNG OF 2 MIOAMBL£S-"V ""r 



1 CYaiNG OF 4 MIOAMBLES-xp 

' ' ' ' ' » ^ 



0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
CUMULATIVE DISTRIBUTION 

FIG. 11 



